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APPENDIX A.  TANK FARM DESCRIPTION AND CLOSURE PROCESS

A.1 Introduction

Over the last 45 years, SRS has produced special
radioactive isotopes for various national pro-
grams.  These isotopes were primarily produced
in the site’s nuclear reactors, which generated
neutrons that bombarded specifically designed
targets.  The neutrons bombarding the targets
result in transmutation of the target atoms to
produce the desired radioisotopes.  The spent
nuclear fuel and the targets were reprocessed to
recover unused reactor fuel and the isotopes
produced in the reactors.  The reprocessing ac-
tivity involved dissolving the fuel and targets in
large, heavily shielded chemical separations fa-
cilities, in the F- and H-Areas known as the F-
Canyon and H-Canyon, respectively.  These fa-
cilities concentrated the valuable materials DOE
wanted to recover but produced large quantities
of highly radioactive liquid waste known as
HLW (see Chapter 1 for a more complete defi-
nition of high-level waste).  The HLW has been
stored in the Tank Farms in F- and H-Area.

DOE has recently reviewed its HLW manage-
ment practices in two recent EISs: the DWPF
Supplemental EIS (DOE 1994) and the SRS
Waste Management EIS (DOE 1995).  This
HLW Tank Closure EIS is focused on closure of
the tank farms after the HLW has been removed.
Nevertheless, a discussion on how the tank
farms fit into the overall SRS HLW management
program is useful to understanding the nature of
the residual waste in the tanks and the tanks’
current use and history.  Therefore, Section A.2
provides an overview of HLW management at
SRS.  Section A.3 describes the tank farm
equipment and operations.  Section A.4 de-
scribes the activities needed to close the tank
farms under the various closure alternatives.

A.2 Overview of SRS HLW
Management

The main processes involved in HLW manage-
ment are generation, storage, evaporation,
sludge processing, salt processing, vitrification,

and saltstone manufacture and disposal.  Fig-
ure A-1 shows the process flows among the pro-
cesses.

Although the F- and H-Canyons are the only
facilities at SRS that generate HLW in the regu-
latory sense, other facilities produce liquid ra-
dioactive waste that has characteristics similar to
those of HLW.  These facilities include the Re-
ceiving Basin for Offsite Fuel, the Savannah
River Technology Center, the H-Area Mainte-
nance Facility, and the reactor areas.  Selected
wastes from these facilities are managed at SRS
as if they were HLW and are thus sent to the
tank farms for storage and ultimate processing.
Also, the DWPF, which is the final treatment for
SRS HLW, recycles wastewater back to the tank
farms.

The tank farms receive the HLW, immediately
isolating it from the environment, SRS workers,
and the public.  The tank farms provide a suffi-
ciently long period of storage to allow many of
the short-lived radionuclides to decay to much
lower concentrations.  After pH adjustment and
introduction into the tanks, the HLW is allowed
to settle, separating into a sludge layer at the
bottom and a salt solution layer at the top known
as supernate.  SRS uses evaporators to concen-
trate the supernate to produce a third form of
HLW in the tank farms known as crystallized
saltcake.  As a result of intertank transfers, some
of the tanks are now primarily salt tanks, some
are primarily sludge tanks, some tanks contain a
mixture of salt and sludge, and some tanks are
empty.

Before 1994, the Canyons generated two waste
streams which were sent to the tank farms.
High-radioactivity waste, which contained most
of the radionuclides, was aged in a high-
radioactivity waste tank before evaporation.
Low-radioactivity waste, which contained lower
concentration of radionuclides, was sent directly
to an evaporator.  This historical practice is
shown on Figure A-1.  Under current SRS op-
erations, high-radioactivity waste is no longer
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Figure A-1.  Process flows for Savannah River Site High-Level Waste Management System.
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generated because SRS reactors ceased opera-
tion in 1988.  All incoming waste streams to the
tank farms can be directed to the same receipt
tanks and evaporator feed tanks.

SRS designed and built a facility using four H-
Tank Farm tanks, known as the In-Tank Pre-
cipitation Facility, to process the saltcake and
concentrated supernate.  This salt processing
facility was designed to receive redissolved salt-
cake and precipitate the chemical cesium that is
responsible for the most prominent and pene-
trating radiation emitting from the waste.  The
cesium precipitate was designed to go DWPF for
processing in the salt cell with the aqueous ce-
sium portion to be melted into a glass matrix and
the organic portion sent to the Consolidated In-
cineration Facility.  The remaining liquid salt
solution was designed to go to the Saltstone
Manufacturing and Disposal Facility for solidifi-
cation and burial in underground vaults.  DOE
has concluded that the In-Tank Precipitation
Process, as currently configured, cannot achieve
production goals and meet safety requirements.
Therefore, DOE is now evaluating a replacement
salt processing technology in an EIS being pre-
pared concurrently with this one (64 FR 8558).

The sludge in the tanks, which contains ap-
proximately 54 percent of the HLW radioactiv-
ity, is treated in a process known as Extended
Sludge Processing.  Extended Sludge Processing
uses existing tanks in the H-Area Tank Farm.
The process removes aluminum hydroxide and
soluble salts from the sludge before transferring
the sludge to the DWPF for vitrification.  Alu-
minum affects the hardness of the glass and the
overall volume of glass waste.  The soluble salts
interfere with the desired chemical composition
of the glass.  The wastewaters from Extended
Sludge Processing and the DWPF are recycled
back to the tank farm.

The DWPF receives washed sludge and salt pre-
cipitate, mixes it with appropriate additives, and
melts it into a glass form in a process known as
vitrification.  The glass is poured into stainless
steel canisters and stored in the Glass Waste
Storage Building, a facility containing an under-
ground vault for canister storage.  Because the
In-Tank Precipitation Facility has been inoper-

able, the DWPF has been vitrifying only sludge
waste.  The DWPF will continue sludge-only
processing until the feed is available from the
salt processing facility.  In order to minimize the
number of HLW canisters that are produced,
SRS planning documents (WSRC 1998a) call
for maintaining the sludge and salt precipitate
feeds to the DWPF in an acceptable balance to
avoid having any precipitate left over when all
of the sludge inventory has been vitrified.  The
ultimate disposition of the HLW glass canisters
is a geologic repository.  Currently, the govern-
ment is determining whether the candidate re-
pository site at Yucca Mountain in Nevada is
appropriate for ultimate disposal of the nation’s
spent nuclear fuel and HLW (DOE 1999).

The Saltstone Manufacturing and Disposal Fa-
cility receives the salt solution after the cesium
has been precipitated.  The salt solution is mixed
with cement, slag, and flyash to form a grout
with chemical and physical properties designed
to retard the leaching of contaminants over time.
The grout is poured into disposal vaults and
hardens into what is known as saltstone.  This is
the final disposition of the salt solution.  The
Saltstone Manufacturing and Disposal Facility
has received salt solution from the In-Tank Pre-
cipitation Process demonstration operations and
concentrated wastes from the F/H-Area Effluent
Treatment Facility and has been producing salt-
stone from these waste feeds.  The Effluent
Treatment Facility receives evaporator over-
heads from the Separations Areas and tank farms
evaporators and treats the water for discharge to
Upper Three Runs.

A.3 Description of the Tank
Farms

The F-Area Tank Farm is a 22-acre site that
contains 20 active waste tanks, 2 closed waste
tanks, 2 evaporator systems, transfer pipelines, 6
diversion boxes, and 3 pump pits.  Figure A-2
shows the general layout of the F-Area Tank
Farm.  The H-Area Tank Farm is a 45-acre site
that contains 29 waste tanks, 3 evaporator sys-
tems (including the new Replacement High-level
Waste Evaporator, 242-25H), the In-Tank Pre-
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Figure A-2.  General layout of F-Area Tank Farm.
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cipitation Process, the Extended Sludge Proc-
essing facility, transfer pipelines, 8 diversion
boxes, and 10 pump pits.  Figure A-3 shows the
general layout of the H-Area Tank Farm.

A.3.1 TANKS

The F- and H-Area tanks are of four different
designs, all constructed of carbon-steel inside
reinforced concrete containment vaults.  Ta-
ble A-1 summarizes information about the tanks.
Two designs (Types I and II) have 5-foot high
secondary annulus “pans” and active cooling
(Figure A-4).  Figure A-5 indicates the status
and content of all 51 tanks.

The 12 Type I tanks (Tanks 1 through 12) were
built in 1952 and 1953, 5 of which (Tanks 1, 9
through 12) have known leak sites in which
waste leaked from the primary containment to
the secondary containment.  The leaked waste is
kept dry by air circulation, and there is no evi-
dence that the waste has leaked from the secon-
dary containment.  The fill line to Tank 8 leaked
approximately 1,500 gallons to the soil and po-
tentially to the groundwater in 1961.  The tank
tops are about 9.5 feet below grade.  The bot-
toms of Tanks 1 through 8, in F-Area, are situ-
ated above the seasonal high water table.  Tanks
9 through 12 in the H-Area Tank Farm are in the
water table.

The four Type II tanks (Tanks 13 through 16)
were built in 1956 in the H-Area Tank Farm
(Figure A-4).  All four have known leak sites in
which waste leaked from primary to secondary
containment.  In 1983, about 100 gallons of
waste spilled on to the surface of Tank 13
through a cracked flush water line attached to an
evaporator feed pump.  No spilled waste reached
the subsurface.  The spill was cleaned up, and
the contaminated material was returned to the
waste tank or disposed of (Boore et al., 1986).
The contamination remaining is negligible and
would affect neither tank closure nor future
cleanup of the tank farm area.  In Tank 16, the
waste overflowed the annulus pan (secondary
containment) and a few 10s of gallons of waste
migrated into the surrounding soil, presumably
through a construction joint in the concrete en-
casement.  Waste removal from the Tank 16

primary vessel was completed in 1980.  How-
ever, the waste that leaked into the annulus has
not been removed.  These tanks are above the
seasonal high water table.

The eight Type IV tanks (Tanks 17 through 24)
were built between 1958 and 1962.  These tanks
have a single steel wall and do not have active
cooling (Figure A-4).  Tanks 17 through 20 are
in the F-Area Tank Farm and Tanks 21 through
24 are in H-Area.  Tanks 19 and 20 have known
cracks that are believed to have been caused by
groundwater corrosion of the tank wall.  Small
amounts of groundwater have leaked into these
tanks; there is no evidence that waste ever
leaked out.  Tanks 17 through 20 are slightly
above the water table.  Tanks 21 through 24 are
above the groundwater table; however, they are
in a perched water table caused by the original
basemat under the tank area.  Tanks 17 and 20
have already been closed in a manner described
in DOE’s Preferred Alternative.

The newest design (Type III) has a full-height
secondary tank and active cooling (Figure A-4).
All of the Type III tanks (25 through 51) are
above the water table.  These tanks were placed
in service between 1969 and 1986.  None of
them has known leak sites.  In 1989, a Tank 37
transfer line leaked about 500 pounds of con-
centrated waste to the environment.

By 2022, DOE is required to remove from serv-
ice and close all the remaining tank systems that
have experienced leaks or do not have full-
height secondary containment (WSRC 1998a).
The 24 Type I, II, and IV tanks have been or will
be removed from service before the 27 Type III
tanks.  Type III tanks will remain in service until
there is no further need for the tanks.

Areas of contamination in the tank farms have
been identified based on groundwater monitor-
ing past incident reports, and contamination sur-
veys.  The areas of significant contamination
have been identified in the SRS Federal Facility
Agreement and have been designated as
RCRA/CERCLA units or Site Evaluation Units.
Controls are in place to ensure that any activities
performed around thee areas are conducted in a
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Figure A-3.  General layout of H-Area Tank Farm.
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Table A-1.  Waste tank usage.a

Tank
number

Design
type Location

Year con-
structed First used Current usage

1b I F 1952 1954 Inactive, HHW/LHW salt cake tank

2 I F 1952 1955 Inactive, HHW/LHW salt cake tank

3 I F 1952 1954 Inactive, HHW/LHW salt cake tank

4 I F 1952 1961 Inactive, HHW sludge and salt cake tank

5 I F 1952 1959 Inactive, HHW sludge tank

6 I F 1952 1964 Inactive, HHW sludge tank

7 I F 1952 1954 Inactive, HHW/LHW sludge tank

8 I F 1952 1958 Inactive, LHW sludge tank

9b I H 1953 1955 Inactive, HHW/LHW salt cake tank

10b I H 1953 1955 Inactive, HHW/LHW salt cake tank

11b I H 1953 1955 Inactive, HHW sludge tank

12b I H 1953 1956 Inactive, HHW sludge tank

13b II H 1956 1959 HHW evaporator feed tank (contains HHW
sludge)

14b II H 1956 1957 Inactive, HHW sludge and salt cake tank

15b II H 1956 1960 Inactive, HHW/LHW sludge tank

16b II H 1956 1960 Tank is empty, HHW supernate removed, tank
interior cleaned out, initial annulus cleaning
complete; this tank is not covered by the in-
dustrial wastewater permit because it was taken
out of service before the Tank farms were per-
mitted by the state (this tank is listed as a
RCRA/CERCLA unit under the Federal Facil-
ity Agreement)

17 IV F 1958 1961 Closed

18 IV F 1958 1958 Inactive, LHW supernate removed, residual
LHW sludge remains

19 IV F 1958 1961 Inactive, LHW supernate removed, residual
LHW sludge and salt remains (most of the tank
sludge consists of spent CRC ion exchange
resin)

20b IV F 1958 1960 Closed

21 IV H 1961 1961 LHW supernate removed, residual LHW sludge
remains; may be used to hold dilute solutions
or recycle wastewaters

22 IV H 1962 1965 ITP tankc, LHW supernate removed, residual
LHW sludge remains; may be used to hold
dilute solutions or recycle wastewaters

23 IV H 1962 1963 LHW supernate removed, residual LHW sludge
remains; may be used to hold dilute solutions
or recycle wastewaters
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Table A-1.  (Continued).
Tank

number
Design

type Location
Year

constructed First used Current usage

24 IV H 1962 1963 Inactive, LHW supernate removed, residual
LHW sludge remains (most of the tank sludge
consists of spent CRC ion exchange resin);
may be used to hold dilute solutions or recycle
wastewaters

25 III F 1978 1980 HHW/LHW concentrate receipt tank

26 III F 1978 1980 Fresh LHW receipt tank and LHW evaporator
feed, contains LHW sludge

27 III F 1978 1980 HHW/LHW concentrate receipt tank; also re-
ceives occasional wastes (i.e., ion exchange
resins from the CRC)

28 III F 1978 1980 HHW/LHW concentrate receipt tank

29 III H 1970 1971 HHW concentrate tank

30 III H 1970 1974 HHW concentrate tank

31 III H 1970 1972 HHW concentrate tank

32 III H 1970 1971 HHW receipt tank, future HHW evaporator
feed tank (242-25H evaporator system), con-
tains HHW sludge

33 III F 1969 1969 HHW tank, contains HHW sludge

34 III F 1972 1972 HHW tank, contains HHW sludge

35 III H 1976 1977 HHW tank (future HHW concentrate tank),
contains HHW sludge

36 III H 1977 1977 HHW concentrate tank (future HHW tank)

37 III H 1977 1978 HHW concentrate tank

38 III H 1979 1981 LHW concentrate tank

39 III H 1979 1982 HHW tank, contains HHW sludge

40 III H 1979 1986 Sludge processing/DWPF vitrification sludge
feed

41 III H 1979 1982 LHW concentrate tank

42 III H 1979 1982 ITP feed/blend tankc

43 III H 1979 1982 Fresh LHW tank and LHW evaporator feed,
contains LHW sludge

44 III F 1980 1982 LHW concentrate tank

45 III F 1980 1982 LHW concentrate tank

46 III F 1980 1994 LHW concentrate tank

47 III F 1980 1980 LHW concentrate tank; also used to receive
waste transported by bulk tank truck (i.e., filter
backwash waste from the reactor areas and cold
runs wastewater from the DWPF Vitrification
Facility), contains LHW sludge

48 III H 1981 1983 ITP reaction tankc

49 III H 1981 1983 ITP precipitate receiver/DWPF vitrification
feed tankc
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Table A-1.  (Continued).
Tank

number
Design

type Location
Year

constructed First used Current usage

50 III H 1981 1983 ITP filtrate receiver/F/H ETF waste concentrate
receiver/Z-Area SMDF feed tankc (this tank is
permitted under SCDHEC Permit No. 14520)

51 III H 1981 1986 Extended sludge processing/DWPF vitrifica-
tion sludge feed

                                                                
a. Source:  WSRC (1991, 1999).
b. Has one or more known cracks in primary tank shell
c. No longer required for ITP.  Will be returned to Tank Farm service.

manner protective of human health and the envi-
ronment, and in a way that minimizes the impact
on future investigation, removal, and remedial
action.  [Reference:  SRS Plan for Performing
Maintenance in Federal Facility Agreement Ar-
eas (Operations and Maintenance Plan), WSRC-
RP-96-45, 12/15/96].

A total of 17 RCRA/CERCLA units or Site
Evaluation Units have been identified in the tank
farms.  In 14 of the 17 areas, the contamination
is the result of past spills on the surface, and the
contamination is on the surface or near the sur-
face.  The amount of contamination in these 14
sites appears to be small, and will probably not
be a significant contributor to estimated doses in
a tank closure performance evaluation.

In 2 of the 17 areas, the contamination came
from pipelines located 10 to 15 feet below grade
that leaked directly into the ground.  The first
area was a leak from the secondary containment
of a pipeline near tank 8, which happened in
1961, at a depth of about 10 to 15 feet below
grade.  The leak resulted from an inadvertent
overfill of Tank 8.  The volume leaked to the
soil was estimated to be 1500 gallons (Odum
1976).  The second area was a leak from a Con-
centrate Transfer System near Tank 37 line
(between 10 and 15 feet below grade), which
was discovered in 1989 (The actual date of the
leak is not known).  The volume of this leak was
estimated to be a few gallons.

The last area, the Tank 16 RCRA/CERCLA unit,
is the only instance at SRS where waste is
known to have leaked to the soil from a high-
level waste tank.  In September of 1960, leaks

from the Tank 16 primary tank caused the level
in the annulus pan (the tank secondary contain-
ment) to exceed the top of the pan, which is five
feet high.  The waste was still contained in the
concrete encasement that surrounds the tank, but
surveys indicated that some waste leaked into
the soil, presumably through a construction joint
on the side of the encasement that is located near
the top of the annulus pan, about 25 feet below
grade.  Based on soil borings around the tank, it
is estimated that some tens of gallons of waste
leaked into the soil.  Assuming that the waste
did leak from the construction joint, the leaked
waste is in the vicinity of the seasonal water ta-
ble and is at times below the water table.

All tanks at SRS have leak detection, so it is un-
likely that waste has leaked from other tanks
without being detected.  In eight tanks other than
Tank 16, observable amounts of waste have
leaked from primary containment into secondary
containment.  But, other than Tank 16, there is
no evidence that waste has leaked into the soil
from a tank.

 A.3.2 EVAPORATOR SYSTEMS

Each tank farm has two single-stage, bent-tube
evaporators that concentrate waste following
receipt from the canyons.  At present, two
evaporators are operating, one in each tank farm.
An additional evaporator system, the Replace-
ment High-Level Waste Evaporator, has been
built in H-Area.  Each operating evaporator is
made of stainless steel with a hastelloy tube
bundle and operates at near atmospheric pres-
sure under alkaline conditions.  The older evapo-
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Figure A-4.  Tank configuration.
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Figure A-4.C.   Uncooled Waste Storage Tank, Type IV (Prestressed concrete walls,    
1,300,000 gallons) 

Figure A-4.A.   Cooled Waste Storage Tank, Type I (Original 750,000 gallons)   

  
Figure A-4.B.   Cooled Waste Storage Tank, Type II (1,030,000 gallons)

Figure A-4.D.   Cooled Waste Storage Tank, Type III (Stress Relieved Primary Liner,  
1,300,000 gallons)
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1 Figure A-5.  Savannah River Site high-level waste tanks and status.
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Tank 23 H 
Active

Tank 24 H 
Inactive

Tank 25 F 
Active

Tank 26 F 
Active

Tank 27 F 
Active

Tank 28 F 
Active

Tank 29 H 
Active

Tank 30 H 
Active

Tank 31 H 
Active

Tank 32 H 
Active

Tank 33 F 
Active

Tank 34 F 
Active

Tank 35 H 
Active

Tank 36 H 
Active

Tank 37 H 
Active

Tank 38 H 
Active

Tank 39 H 
Active

Tank 40 H 
Active  

Tank 41 H 
Active

Tank 42 H 
Active

Tank 43 H 
Active

Tank 44 F 
Active

Tank 45 F 
Active

Tank 46 F 
Active

Tank 47 F 
Active

Tank 48 H 
Active

Tank 49 H 
Active

Tank 50 H 
Active

Tank 51 H 
Active

Note:  Information current as of 6/99. Inactive tanks are no longer receiving waste. 

Legend:

Supernate

Salt

Sludge

Tank has cracks* 

Concrete
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rating capacity of approximately 1,800 gallons.
The Replacement High-Level Waste Evaporator
is fabricated of INCO alloy G3 to allow higher
design temperatures; it has almost twice the op-
erating capacity of the existing evaporators.  Be-
cause of the radioactivity emitted from the
waste, the evaporator systems are either shielded
(i.e., lead, steel, or concrete vaults) or placed
underground.  The process equipment is de-
signed to be operated and maintained remotely.

Waste supernate is transferred from the evapo-
rator feed tanks and heated to the aqueous boil-
ing point in the evaporator vessel.  The evapo-
rated liquids (overheads) are condensed and, if
required, processed through an ion-exchange
column for cesium removal.  The overheads are
transferred to the F/H Effluent Treatment Facil-
ity for final treatment before being discharged to
Upper Three Runs.  The overheads can be recy-
cled back to a waste tank if evaporator process
upsets occur.  Supernate can be reduced to about
25 percent of its original volume and immobi-
lized as crystallized salt by successive evapora-
tions of liquid supernate.

A.3.3 TRANSFER SYSTEM

A network of transfer lines is used to transfer
wastes between the waste tanks, process units,
and various SRS areas (i.e., F-Area, H-Area, S-
Area, and Z-Area).  These transfer lines have
diversion boxes that contain removable pipe
segments (called jumpers) to complete the de-
sired transfer route.  Jumpers of various sizes
and shapes can be fabricated and installed to
enable the transfer route to be changed.  The use
of diversion boxes and jumpers allows flexibility
in the movement of wastes.  The diversion boxes
are usually underground, constructed of rein-
forced concrete, and either sealed with water-
proofing compounds or lined with stainless steel.

Pump pits are intermediate pump stations in the
F- and H-Area Tank Farm transfer systems.
These pits contain pump tanks and hydraulic
pumps or jet pumps.  Many pump pits are asso-
ciated with diversion boxes.  The pits are con-
structed of reinforced concrete and have a stain-
less-steel liner.

A.3.4 PRECIPITATION/FILTRATION
SYSTEM

DOE has concluded that the In-Tank Precipita-
tion process as currently configured, cannot
achieve production goals and meet safety re-
quirements for processing the salt portion of
HLW (64 FR 8559).  Therefore, this system is
the subject of an ongoing EIS on salt disposi-
tion.

The In-Tank Precipitation process consisted of
three Type III tanks, one Type IV tank, and an
aboveground building that contains filtration
equipment, stripper columns, hold tanks, and a
laboratory.  The In-Tank Precipitation process
was designed to remove radionuclides (primarily
cesium) from the waste with a precipita-
tion/adsorption reaction with sodium tetraphen-
ylborate and sodium titanate.  The resultant pre-
cipitate slurry would be continuously pumped to
a filter cell, filtered through a sintered metal fil-
ter, and returned to the reaction tank for sam-
pling.  The filtrate (called decontaminated salt
solution) would be combined with the concen-
trate reject from the Effluent Treatment Facility
and transferred to the Saltstone Manufacturing
and Disposal Facility for solidification and
onsite disposal.  The remaining precipitate slurry
would undergo a washing step that removes re-
sidual soluble salts and process chemicals before
transfer to DWPF for vitrification into a solid
glass matrix suitable for disposal.

A.3.5 SLUDGE WASHING SYSTEM

The waste streams generated by the F- and H-
Area Canyons contain insoluble and highly ra-
dioactive metal hydroxides (manganese, iron,
and aluminum) that settle to the bottom of the
waste tanks to form a sludge layer.  In addition
to the fresh waste receipt aging, the accumulated
sludge is aged to allow radioactive decay.  The
aged sludge is transferred to the sludge process-
ing tanks for washing and, if necessary, alumi-
num dissolution with a sodium hydroxide solu-
tion.  The sludge processing takes place in two
Type III tanks in H-Area.  The washed sludge
slurry is transferred to the DWPF for vitrifica-
tion into a solid glass matrix that is easier to
handle and much more suitable for disposal.
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A.4 Tank Farm Closure Activities

A.4.1 WASTE REMOVAL

In the Federal Facility Agreement between
DOE, EPA, and the State of South Carolina,
DOE committed to removing wastes from older
tanks that do not meet secondary containment
requirements (Types I, II, and IV).  DOE has
reviewed bulk waste removal from the HLW
tanks in the Waste Management Operations, Sa-
vannah River Plant EIS (ERDA-1537) and the
Long-term Management for Defense High-Level
Radioactive Wastes (Research and Development
Program for Immobilization) Savannah River
Plant EIS (DOE/EIS-0023).  In addition, the
SRS Waste Management EIS discusses high-
level waste management activities as part of the
No Action Alternative (continuing the present
course of action), and the Defense Waste Proc-
essing Facility Savannah River Plant EIS
(DOE/EIS-0082) and the Final Supplemental
Environmental Impact Statement Defense Waste
Processing Facility (DOE/EIS-0082S) discuss
management of high-level waste after it is re-
moved from the tanks.  As described in this EIS,
however, tank closure activities would comply
with the proposed plan and schedule provided
under the Agreement.  Also, even under the No-
Action Alternative, DOE would continue to re-
move waste from the tanks as their missions
cease.  All tanks would be empty by 2028.

The schedule for removing waste from the tanks
is closely linked to salt and sludge processing
capacity and the DWPF schedule.  The priorities
for determining the sequence of waste removal
from the tanks are as follows:

1. maintain emergency tank space in accor-
dance with safety analyses

2. control tank chemistry, including radionu-
clides and fissile material inventory

3. enable continued operation of the evapora-
tors

4. ensure blending of processed waste to meet
salt processing, sludge processing, defense
waste processing, and saltstone feed criteria

5. remove waste from tanks with leakage his-
tory

6. remove waste from tanks that do not meet
the Federal Facility Agreement requirements

7. provide continuous radioactive waste feed to
the DWPF

8. maintain an acceptable precipitate balance
with the salt processing facility

9. support the startup and continued operation
of the Replacement High-Level Waste
Evaporator

10. remove waste from the remaining tanks

The general technique for waste removal is hy-
draulic slurrying.  First, slurry pump support
structures are installed above the tank top, along
with electrical service and motor controls.  Then,
slurry pumps are installed in the risers of the
tank:  usually three for salt removal and four for
sludge removal.  For the salt tanks, the pump
discharges are positioned just above the level of
the saltcake.  Water is added to the tanks and the
pumps turned on to agitate and dissolve a layer
of salt.  When the water becomes saturated with
salt, the solution is pumped out.  For sludge
tanks, the pumps are placed into the top layer of
sludge.  As with salt removal, water is added and
the pumps turned on to agitate the sludge.  When
the sludge is well mixed, the slurry is pumped
out.  For both salt and sludge, the pumps are
then lowered to continue the process.  Pumps
may be lowered one or more times before a salt
or sludge transfer is made.  DOE is also explor-
ing other methods for more efficient waste re-
moval.
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A.4.2 DETERMINATION AND USE OF
PERFORMANCE OBJECTIVES

DOE has identified pertinent substantive re-
quirements with which it will comply and guid-
ance it will consider (Chapter 7) to ensure that
closure of the tank systems will be protective of
human health and the environment.  DOE will
use these requirements and guidance to develop
tank system closure performance objectives that
provide a basis for comparison of different clo-
sure configurations.  The performance objectives
apply to the completed closure of all 51 tank
systems; however, DOE must close the tanks
one at a time over a period of decades.  (DOE
anticipated that the need for HLW tanks will
cease some time before 2030.  The tanks would
be closed as their individual missions end.)
Therefore, the Department evaluates the impacts
of each tank closure in the context of the entire
Tank Farm.  This methodology ensures that as
tanks are closed, the total closure impacts do not
exceed the performance objectives.

To further ensure that closure of the tank system
will be protective of human health and the envi-
ronment, DOE also evaluates contamination
from non-tank farm related sources.  Studies of
groundwater transport (DOE 1996) in the Gen-
eral Separations Area indicate that contaminant
plumes from F- and H-Area tanks would not
intersect.  Therefore, DOE has established inde-
pendent Groundwater Transport Segments for
the two tank farms that represent the contami-
nant plume from the tank farm.  DOE requires
that contributions from all contaminant sources
within a Groundwater Transport Segment, both
tank farm-related and non-tank farm-related, be
considered in comparison of modeled impacts to
the performance objectives.

A.4.3 TANK CLEANING

DOE’s preferred method for tank cleaning is
spray water washing.  In this process, heated
water is sprayed throughout the tank using spray
jets installed in the tank risers.  After spraying,
the contents of the tank are then agitated with
slurry pumps and pumped to another HLW tank
still in service.

After the spray washing, remotely operated
video cameras are used to survey the interior of
the tank to identify areas needing further clean-
ing.  Based on experience with two tanks that
have been spray washed, DOE has learned that
some sludge tends to remain on the bottom of
the tank and that the sludge tends to be distrib-
uted around the edge of the tank bottom after the
single water wash performed as the last phase of
waste removal.

Eleven HLW tanks at SRS have shown evidence
of cracks in the primary tank shell.  In two of the
tanks, the cracks are above the current liquid
level and there is no evidence that waste escaped
primary containment.  In the remaining nine
tanks, leaked salt has been observed on the exte-
rior of the primary tank shell.  The cracks in
these tanks are hairline cracks and the annuli in
these tanks are ventilated to dry the waste.  The
waste seeped through the cracks slowly and
dried in the annulus.  This waste appears as
dried salt deposits on the side of the primary
tank and sometimes on the floor of the secon-
dary tank (WSRC 2000).  DOE has developed
methods to clean the annulus using recirculating
water jets installed through annulus risers.  The
water is heated and circulated through the an-
nulus into the primary tank.

In five of the tanks (Tanks 1, 11, 12, 13, and 15),
photographic inspections indicate that the
amount of leaked waste is small.  The waste is
limited to salt deposits on the walls of the tank
or perhaps covering part of the floor of the an-
nulus.  The leaked waste is virtually all salt be-
cause sludge is relatively immobile and will not
migrate significantly through hairline cracks.
The small amount of salt in these annuli should
be relatively easy to remove with water.

In the remaining four tanks (Tanks 9, 10, 14, and
16), enough waste has leaked to completely
cover the floor of the annulus.  The annuli of
these four tanks will be the most difficult to
clean of all the tanks.  Because of the large
amount of waste that leaked in these four tanks,
some waste may have leaked underneath the
primary tanks.  Also, waste has entered the ven-
tilation ducts in the annuli.  Special waste re-
moval techniques will need to be developed for
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these tanks to ensure that water penetrates to the
locations of the waste.

In three of the four tanks (Tanks 9, 10, and 14),
the waste in the annulus is primarily salt, so it
should be relatively easy to remove once it is
dissolved.  The difficulty is primarily getting the
water to where it is needed and then removing
the salt solution.  Since the problem is limited to
a few tanks, plans are to develop these tech-
niques when needed.  The techniques may differ
between tanks (for example, a different annulus
cleaning technique would be needed if waste has
seeped underneath the primary tank).

Tank 16 is the most badly cracked tank and rep-
resents a special case for annulus cleaning.  In
this tank, a number of welds were sandblasted to
understand the stress corrosion cracking phe-
nomena.  The sand fell on top of the salt and
then mixed with the salt during a waste removal
effort in 1978 that removed about 70 percent of
the salt.  Recent samples have shown that the
sand and compounds that formed when the sand
mixed with the salt make it more difficult to dis-
solve the waste in this annulus.  Chemical
cleaning (such as oxalic acid) may be needed to
dissolve the waste in the Tank 16 annulus.
Since this will be a one-time operation, plans are
to develop the cleaning techniques when needed.

It is possible that some tanks may prove to be
more difficult to clean than others.  To meet per-
formance criteria for tank closure, DOE may
need to perform more rigorous cleaning than
spray water washing.  The method DOE expects
to use is oxalic acid cleaning.  In this process,
hot oxalic acid is sprayed through the nozzles
that were used for spray washing.  Oxalic acid
was selected above other cleaning agents for the
following reasons (Bradley and Hill 1977):

• Oxalic acid dissolves portions of the sludge
and causes the particles to break down, al-
lowing removal of sludge deposits that are
difficult to mobilize using spray washing
alone.

• Oxalic acid is only moderately aggressive
against carbon steel.  Corrosion rates are on
the order of 0.001 inch per week.  This rate

is acceptable for a short-term process such
as cleaning.  More aggressive agents such as
nitric acid would be more effective in tank
cleaning, but they could potentially cause
release of contaminants to the environment
in a mobile form.

• Oxalic acid has been demonstrated in
Tank 16 only and shown to provide cleaning
that is about twice as effective as spray wa-
ter washing for removal of radioactivity.
However, at the present time potential safety
considerations restrict the use of oxalic acid
in the high-level waste tanks.  The Liquid
Radioactive Waste Handling Facility Safety
Analysis Report (WSRC 1998b) specifically
states that oxalic acid cleaning of any waste
tank is prohibited.  A Nuclear Criticality
Safety Evaluation would be necessary to ad-
dress oxalic acid use because oxalic acid
would reduce the pH of the cleaning solu-
tion to the point where a quantity of fissile
materials greater than currently anticipated
would go into solution.  This could create
the potential for a nuclear criticality.  In ad-
dition, an Unreviewed Safety Question
evaluation and subsequent SAR revision
would be necessary.

Between 1978 to 1980, Tank 16 was the subject
of a rigorous waste removal, water washing, and
oxalic acid cleaning demonstration.  The demon-
stration determined the increased effectiveness
of oxalic acid cleaning.  However, the process
generates large quantities of sodium oxalate that
must be disposed in the Saltstone Manufacturing
and Disposal Facility.  After oxalic acid cleaning
is complete, the tank would be spray washed
with inhibited water to neutralize the remaining
acid.

A.4.4 STABILIZATION

DOE has identified three options for tank stabi-
lization under the Clean and Stabilize Tanks
Alternative as described in Chapter 2:  grout fill,
sand fill, and saltstone fill.  In addition, another
alternative would not stabilize the tank but
would remove the interior liner (which has been
in contact with the HLW) from the concrete
vault for disposal in some other location.  The
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sections below describe the activities associated
with the action alternatives.

Grout Fill

After tank cleaning, each tank and its associated
piping and ancillary equipment would be filled
with a pumpable, self-leveling grout, a concrete-
like material.  The material would have a high
pH to be compatible with the carbon steel of the
tank.  The fill material would also be formulated
with chemical properties that would retard the
movement of radionuclides and chemical con-
stituents from the closed tank.  A combination of
different types of grout would be used.  They
would be mixed at a nearby batch plant con-
structed for the purpose and pumped to the tank.
Figure A-6 shows how the sandwich layers of
grout would be poured.  The potential combina-
tion of layers of grout is as follows:

• Reducing grout is a pumpable, self-leveling
backfill material similar in composition to
that used at the SRS Saltstone Manufactur-
ing and Disposal Facility, composed pri-
marily of cement, flyash, and blast furnace
slag.  The chemical properties of the liquid
that leaches through this backfill material

will reduce the mobility of selected radionu-
clides and chemical constituents.  The for-
mulation of the backfill material for each
waste tank will be adjusted based on specific
circumstances for each tank.  The material is
pumped into the waste tank through an
available opening (e.g., tank riser).  Obser-
vations of Tank 20 during pouring of the re-
ducing grout indicate that the grout lifts
some of the sludge on the bottom of the tank
and carries it like a wave until it eventually
envelops the sludge in the grout.  Neverthe-
less, DOE’s use of the reducing grout is not
dependent on fully enveloping the sludge
but upon the grout’s ability to chemically
alter any water leaching through the grout to
the sludge.

• Controlled Low-Strength Material (CLSM)
is a self-leveling concrete composed of sand
and cement formers.  Similar to reducing
grout, it is pumped into the tank.  The com-
pressive strength of the material is con-
trolled by the amount of cement in the mix-
ture.  The advantages of using CLSM rather

Figure A-6.  Typical layers of the fill with grout option.
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than ordinary concrete or grout for most of
the fill are:

– The compressive strength of the material
can be controlled so that it will provide
adequate strength for the overbearing
strata and yet could be potentially exca-
vated with conventional excavation
equipment.  Although excavation of the
tank is not anticipated, filling the tank
with low-strength material would en-
hance the opportunity for future removal
of tank contaminants or perhaps the tank
itself, if future generations were to de-
cide that excavation is desirable.

– CLSM has a low heat of hydration,
which allows large or continuous pours.
The heat of hydration in ordinary grout
limits the rate at which the material can
be placed because the high temperatures
generated by thick pours prevent proper
curing of the grout.  Thus, large pours of
grout are usually made in layers, allow-
ing the grout from each layer to cool be-
fore the next layer is poured.

– CLSM is relatively inexpensive.

– CLSM is widely used at SRS, so there is
considerable experience with its formu-
lation and placement, and in controlling
the composition to provide the required
properties.

• Strong grout is a runny grout with compres-
sive strengths in the normal concrete range.
This formulation is advantageous near the
top of the tank because:

– The runny consistency of the grout is
advantageous for filling voids near the
top of the tank created around risers and
tank equipment.  The grout would be
injected in such a manner to ensure that
voids were filled to the extent practica-
ble.  This may involve several injection
points, each with a vent.

– A relatively strong grout will discourage
an intruder from accidentally accessing

the waste if institutional control of the
area is discontinued.

Other potential combinations of multiple or sin-
gle grout layers may be used.

The specific actions needed before and during
closure include tank isolation, tank modifica-
tions to facilitate introduction of grout, produc-
tion and installation of grout, and riser cleanup.
These activities are described below in more
detail.

Mechanical and electrical services would be
isolated from the tank such that future use is
prohibited.  Tank isolation is an activity that
must be performed regardless of the closure op-
tion.  Accessible piping and conduits would be
removed and pulled back from each riser so that
a physical break is made from the tank.  Any
transfer lines would be cut and capped.

DOE would leave the tank structures intact.  No
support steel would be removed unless it is nec-
essary to be removed to disconnect services
from the tank risers.  Equipment already in-
stalled in the tank and equipment directly used
in tank closure operations (such as temporary
submersible pumps, cables, temporary transfer
hoses, backfill transfer pipes or tremmies, and
sample pump) would be entombed in the backfill
material as part of the closure process.  Items
removed in preparation for closure under this
module (such as slurry pump motors, instrument
racks, piping, and insulation) may be decon-
taminated to such levels that they may be sent to
the Solid Waste Management Facilities as scrap.
Otherwise, they would be appropriately charac-
terized and shipped as low-level waste.

The tank risers would be modified to permit
backfill material to be placed into the tank.  Pro-
visions would be made to provide a delivery
point into the tank, to manage air displacement,
to address bleed water build-up, and to handle
any tank top overflow.

Risers would be prepared to allow addition of
the backfill material.  Equipment located at the
riser would be disconnected.  A backfill transfer
line would be inserted through an access port to
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allow introduction of the backfill into the tank.
Tank venting would be predominately through
the existing permanently installed ventilation
system until the backfill material nears the top of
the tank.  However, a newly constructed vent
device, equipped with a breather high-efficiency
particulate filter, would be supplied for the final
filling operation.

During the filling process, excess water (bleed
water) is expected to float to the top of the grout
and CLSM.  The amount of bleed water would
be minimized during the actual closure operation
by limiting the amount of water in the grout and
CLSM and by specifying the fill material cure
times.  It is expected that any bleed water pro-
duced would be re-absorbed back into the fill
material.  The amount of re-absorption would be
dictated by the cure times.  Any bleed water not
absorbed would be removed from the tank and
returned to the tank farm systems by siphoning it
off and transferring it through a temporary
aboveground transfer line to another waste tank
or processed at the Effluent Treatment Facility.
The possible overflow of bleed water and grout
from around the riser joints would be controlled
by constructing forms around the risers and
sealing those forms for watertightness as part of
pre-closure preparation for riser grouting opera-
tions.  Each riser would be prepared for local
filling and venting to ensure that the top void
spaces are filled.

Portable concrete batch plants would supply the
grout and CLSM backfill needed to fill the
tanks.  The plants may require a SCDHEC Bu-
reau of Air Quality permit to operate.  All proc-
ess water would be recycled.

Backfill material produced at the plants would
be introduced into the risers of the tanks through
piping from the plants located just outside the
Tank Farm fence.

The actual backfill material installation would
be governed by SRS procedures in accordance
with Design Engineering requirements as out-
lined in the construction and subcontractor work
packages.  The filling progress would be moni-
tored by an in-tank video camera.  The backfill
material level would be measured using visual

indications.  During riser closure operations,
containment provisions would be made to re-
strict or contain grout overflows.  Tank compo-
nents such as the transfer pump, slurry pumps,
wiring, cables, steel tapes, hoses, and sample
collection apparatus would be encapsulated
during tank grouting operations.

The risers and void spaces in the installed
equipment remaining in the tank would be filled
with highly flowable reducing grout material to
ensure that all voids are filled to the fullest ex-
tent possible.  The tank fill and riser backfilling
operations would be performed in such a way as
to eliminate rainwater intrusion into the tank.
Upon completion of the tank closure, the riser
tops would be left in a clean and orderly condi-
tion.  Risers would be encapsulated in concrete
using forms constructed of rolled steel plates or
removable wooden forms previously installed
around each riser.  The riser encapsulation
would be completed at the end of the tank dome
fill operation.

Piping and conduit at each of the risers that is
not removed would be entombed in the riser
filling operations.  Each riser and the lead lining
would be encased in concrete, and decontamina-
tion of the remaining riser formwork structures
and adjacent areas will be performed, if neces-
sary.  The tank appurtenances, such as the riser
inspection port plugs, riser plug caps, and the
transfer valve box covers, which would have
been removed to ensure complete backfilling of
the tank, would be entombed at the same time as
the associated risers are filled and backfilled.

Sand Fill

This option is similar to the fill with grout op-
tion except that sand would be used instead of
grout.  There would be no layers for intruder
protection or chemical conditioning of leaching
water.  The sand would be carried by truck to an
area near the tank farm and conveyed to the
tank.

Sand is readily available and is inexpensive.
However, its emplacement is more difficult than
grout as it does not flow readily into voids.
Over time, sand will settle in the tank, creating
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additional void spaces.  The tank top would then
become unsupported and would sag and crack,
although there would not be the catastrophic
collapse that would be anticipated in the no-
action case.  Also, the sand would tend to protect
the contamination to some extent and prevent
winds from spreading the contaminants.  How-
ever, sand is highly porous and rainwater infil-
trates rapidly and does not run off.  Also, sand is
relatively inert and could not be formulated to
retard the migration of radionuclides and chemi-
cal constituents.  Thus, the expected contamina-
tion levels in groundwater would be higher than
for the grout fill option.

A variation of this alternative could involve
filling the tanks with contaminated soils exca-
vated during the remediation of SRS waste sites.
Placement of soils in the tanks would present
similar disadvantages to those described above
for sand fill.  In addition, handling contaminated
soils would complicate the project, resulting in
increased costs.  Soils could not be readily for-
mulated to retard the migration of radionuclides
and chemical constituents, and the additional
contamination associated with the soil fill would
have to be factored into the performance evalua-
tion for the closure configuration.  Because of
these disadvantages, the use of contaminated
soils as a fill material is not evaluated further in
this EIS.

Saltstone Fill

This option is the same as the fill with grout op-
tion except that saltstone would replace the re-
ducing grout and the CLSM.  Saltstone is a low-
radioactivity fraction separated from HLW
mixed with cement, flyash, and slag to form a
concrete-like mixture.  This option has the ad-
vantage of reducing the amount of disposal
space needed at the Saltstone Manufacturing and
Disposal Facility; however, it has several disad-
vantages:

• Because of the fast saltstone set-up times,
two new saltstone mixing facilities (one in
F-Area and one in H-Area) would be re-
quired.

• The amount of saltstone to be made is pro-
jected to be greater than 160 million gallons.
This volume is considerably greater than the
capacity of the HLW tanks.  Therefore, the
existing Saltstone Manufacturing and Dis-
posal Facility in Z-Area would still need to
be operated.

• Filling the tank with a grout mixture that is
contaminated would considerably compli-
cate the project and increase worker radia-
tion exposure, further adding to expense and
risk.

• Saltstone grout cannot be poured as fast as
CLSM because of its relatively high heat of
hydration.  Saltstone grout would have to be
poured in discrete pours, allowing sufficient
time between pours for the grout to cool.

Clean and Remove Tanks

This alternative involves additional cleaning of
the tanks beyond that described in Section A.4.2.
Such cleaning could include mechanical clean-
ing or other steps not yet defined.  The steel
components (including any piping and ancillary
equipment) would be sectioned, removed, placed
in burial boxes for disposal, and transported to
SRS low-level waste disposal facilities.

For tank removal operations, DOE would en-
close the top of the tanks with structures de-
signed to contain airborne contamination.  These
structures would be fitted air locks and operate
at negative pressure during cutting operations.
Air discharges from the tanks and enclosures
would be filtered with high-efficiency particu-
late air filters.  DOE would backfill the void cre-
ated by tank removal with a soil type similar to
soils currently surrounding the tank.

The advantages of this option are:

• This alternative has the advantage of allow-
ing disposal of the contaminated tank system
in a waste management facility that is al-
ready approved for receiving low-level
waste.



Tank Farm Description DOE/EIS-0303D
and Closure Process DRAFT November 2000

A-20

• This option exposes the surrounding soils
such that they could be exhumed.  This is
the only option that has the potential to leave
the waste tank area as an unrestricted area
for future uses.

The disadvantages include:

• High radiation exposure to workers during
the removal process.

• Extremely high cost to remove the tank.

• Considerable impact on other SRS opera-
tions.

• Extremely high cost to dispose of the tank
components elsewhere.  Also, disposal of
the tank could create another zone of re-
stricted use (i.e., the restricted use zone is
merely shifted rather than being eliminated).

A.4.5 ENVIRONMENTAL RESTORA-
TION PROGRAM ACTIVITIES

After a tank is closed, the SRS Environmental
Restoration Program will conduct field investi-
gations and remedial actions. The Environ-
mental Restoration Program is concerned with
all aspects of assessment and cleanup of both
contaminated facilities in use and of sites that
are no longer a part of active operations.  Reme-
dial actions, most often concerned with con-
taminated soil and groundwater, are responsi-
bilities of this program.   The investigations will
take place after nearby tanks in an operational
grouping are closed (to avoid interference with
the other operational tanks) and conditions are
determined to be safe for Environmental Resto-
ration intrusive sampling.  Once an operational
grouping is closed, the HLW operations organi-
zation and the Environmental Restoration or-
ganization will establish a Co-Occupancy Plan
to ensure safe and efficient soils assessment and
remediation.  The HLW organization will be
responsible for operational control and the Envi-

ronmental Restoration organization will be re-
sponsible for Environmental Restoration activi-
ties.  The primary purpose of the Co-Occupancy
Plan is to provide the two organizations with a
formal process to plan, control, and coordinate
the Environmental Restoration activities in the
tank farm areas where the existing HLW man-
agement and operational procedures can be con-
tinuously utilized.

The High-Level Waste Tank Closure Program
Plan (DOE 1996) provides general information
on postclosure activities and tank-specific clo-
sure modules will also address postclosure ac-
tivities.   However, the investigation, determina-
tion of remediation requirements, and imple-
mentation of potential remedial actions related
to soil and groundwater contamination at the
tank farms will be conducted in accordance with
RCRA/CERCLA requirements pursuant to the
Federal Facility Agreement.  The Environmental
Restoration organization would have the respon-
sibility for these activities.  Plans for such post-
closure measures as monitoring, inspections, and
corrective action plans would also be governed
by the Federal Facility Agreement and would be
premature to state at this time because condi-
tions that would exist at the restored area are not
known.  For example, the area may be capped or
an in situ groundwater treatment system may be
installed.

Figure A-7 presents an example of the closure
configuration for a group of tanks.  The neces-
sity for a low-permeability cap, such as a clay
cap, over a tank group to reduce rainwater infil-
tration will be established in accordance with the
environmental restoration program described in
the Federal Facility Agreement (EPA 1993).
Figure A-7 shows a conceptual cap design.  The
cap construction would ensure that rain falling
on the area drains away from the closed tank(s)
and surrounding soil.  A soil cover could be
placed over the cap and seeded to prevent ero-
sion.
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Figure A-7.  Area closure example.
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